Abstract -The heterogeneous materials have been used for satisfying the requirements for special functions of components in various fields. To design and manufacture the components made of multi heterogeneous materials, the computer models for representing them need first to be built so that further analysis, optimization and manufacturing can be implemented based on the models. Since current modeling techniques can capture only the geometric information, a new modeling method has been developed to build the model that can include all the material information along with geometry information. Based on this method, this paper develops a system for modeling the components made of multi heterogeneous materials. With the system, users can apply the functions of current CAD graphic software to build CAD models for their heterogeneous components designed and display both material and geometric information for any cross section of the components they select. As an example for applying the system, the modeling for a special pipe is illustrated.
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I . INTRODUCTION
Heterogeneous materials include composite materials, functionally graded materials (FGM), and heterogeneous materials with a periodic microstructure. These heterogeneous materials have been used for satisfying the requirements for special functions of components in various fields, which conventional homogeneous materials cannot meet. A related design method [1, 2] for the components made of these heterogeneous materials has been developed under the guidance of Axiomatic Design [3]. To support the new method, the computer models for representing components made of multi heterogeneous materials need first to be built so that further analysis, optimization and manufacturing can he implemented based on the models. However, current modeling techniques can capture only the geometric information [4]. Some researchers [5-91 are focusing on modeling heterogeneous objects by including the variation in constituent composition along with the geometry in the solid model for functionally graded materials. But representing the microstructure of heterogeneous components is beyond their scope [5]. Since the microstructure size is very small, the model consisting of such microstructures has huge number of data to be stored. Even with the help of highspeed modem computers, the processing of the model is extremely difficult and needs extreme care and thoughts for IiO operations. Thus, a new modeling method [IO,] 11 has been developed for building the model that can include all the material information (about periodic microstructures, constituent composition, and inclusions) along with geometry information in 3D solid modeling without the problem arising from too much data. Based on this method, this paper develops a software system prototype for modeling the components made of multi heterogeneous materials. With the system, users can apply the functions of current CAD graphic software to build CAD models for their heterogeneous components designed and display all the information (including both material and geometric information) for any cross section of the components they select. As an example for applying the system, the modeling for a special pipe is illustrated.
REVIEW OF THE MODELING METHOD FOR THE COMPONENTS MADE OF MULTI HETEROGENEOUS MATERIALS
According to this method [10, 11] , a component made of the three types of materials can be divided into n parts or regions based on their material constituent compositions, and its material constituent composition set can he indicated by: c = {Ci, i = 1.2, ..., n) The model for the i-th material constituent composition region is designed as the following typical schema with one frame: 
The material microstructure model (S) covers those for composite materials (R), heterogeneous materials with a periodic microstructure ( P ) and the materials without inclusions and periodic microstructures (0), i.e., = (x, y,
The model for the b-th material microstructure region with a heterogeneous material with a periodic microstructure, if its base cell consists of one type of material, can be expressed by a schema as follows: 
A. Heterogeneous Component Modeling Module
This main module is used to input all the information needed for modeling and has three submodules. The first sub-module is for 3D geometric modeling using Solidworks [14], with which the geometric model of each region of a component can be built, stored as a STL file in the computer, and assembled into a complete component. The related geometric parameters will be automatically saved in a geometric parameter record. The second submodule is used to input the related information for material constituent composition modeling in the form of Schema(4). The third sub-module is for material microstructure modeling, with which the related information can he inputted in the form of Schema (6) for composite materials or Schema (7) for heterogeneous material with a periodic microstructure. According to the information inputted, for instance, a name of material type, its ID number and color number will be retrieved from the material type database. The region with a particular material will be rendered into its corresponding color. The region of a single material is illustrated by a single color, while the region of functionally graded material is represented by mixed colors with a gradual change. Likewise, in order to show the difference between composite material and heterogeneous material with a periodic microstructure, special symbols are applied to describe these two regions, as indicated in Fig. 2 
E. Model Processing Module
This main module has two functions. The first function is to combine the two types of sub-models of each region, which are inputted in the form of schema, into an integrated model and store the integrated model into a schema record. Thus the integrated model covers all the information of each region for both material constituent composition and microstructure, so that it will be easier and more efficient to deal with the information in subsequent data processing. The second function is to slice the component at a certain position selected by users to obtain the contour of cross section from the geometric parameter record. A slicing algorithm [15] is employed to fulfill it and its procedure goes through (I) reading the STL file, (2) slicing all the related triangles to generate intersectional lines, and (3) sorting out the list of intersectional lines in a head-to-tail fashion.
C. Object Demonstrating Module
This main module is to display the cross section with the contours of different material areas and the colors and/or symbols in the different material areas.
According to the colors and/or symbol shown in a material area of the cross section, its material type can be easily recognized based on the rules shown in Fig.2 . For instance, if a cross hatching symbol appears in a material area, it means that this area consists of a heterogeneous material with a periodic microstructure. If the user wants to know the microstructure in more detail, he or she can select a location with a small rectangle. Once the location for magnification is determined, the pixels within the selected rectangle will be mapped to the world coordinate system, and the information about its microstructure will be found from the schema record, so that the magnified bitmap of correlative microstructure will be displayed in a zoom region according to its dimension, position, direction and magnification ratio.
IV. AN EXAMPLE
As an example for applying the system, the modeling for a special hollow pipe (100mm long) is illustrated in this section. The intemal surface of the pipe is made of ceramic (m,) for its good temperature properties while its outside part is covered with metal (mz) due to its good strength. To avoid high stresses at their interface, the middle part is designed with functionally graded materials as shown in Fig.3 . All the three parts have a periodic microstructure (MI) that offers a very small thermal expansion coefficient for the pipe. According to the modeling method P-RS5 -4 Using the CAD modeling system developed, the 3D geometric models of the three regions should be first built, saved as STL files (cI.st1, c2.stl, and c3.stl), and finally assembled into a complete pipe. Thus, their geometric parameters, for example, their centers, radii, and lengths are derived by the system and stored in the geometric parameter record. These parameters will be used to specify the attributes of their material constituent composition model and material microstructure model in the procedure of building these two models. The material constituent composition models for the three regions can be built according to Schema (4), where all the attributes for the slots of each model are listed in Table I . The material microstructure models for the three regions are built according to Schema where m, n, and k are the serial numbers of the microstructures in the radial direction ( P ), circle direction ( 0 ), and z axis direction respectively, and N denotes the total number of the microstructures of one circle. Do is the dimension of the microstructure at the origin of the local coordinate system. The dimension of each microstructure increases by a fixed ratio from inside to outside in the radial direction and all of the microstructure sizes are the same in the same circle. In the present system, this increase ratio is assumed as I%, and can be changed according to the design requirements. Using the interface offered by the system, these schemas can be inputted as shown in fig.4 . After these operations, user can open the file and move a slide button on the control panel to select the slicing position. Once the position is confirmed, the cross section selected can be shown with the contours of different material areas and the colors and symbols in the different material areas on the screen of monitor as shown in Fig.5 (a) . When the user choose a location for magnification using the mouse, a zoomed image will appear in the zoom work window.
as shown in Fig, 5(b) , where detailed microstructures can be observed.
V . CONCLUSIONS
Based on a new CAD modeling method, this paper develops a system prototype for modeling the components made of multi heterogeneous materials. The system consists of three main functional modules, that is, heterogeneous component modeling module, model processing module, object demonstrating module. The first main module is used to input all the information needed for modeling, including geometric model and different schemas. The second main module can combine all the schemas into an integrated model and slice the component at a certain position selected by users to obtain the contour of cross section from the geometric parameter record. The last main module is used to display the cross section with the contours of different material areas and the colors and/or symbols in the different material areas and to show the detailed microstructures if needed. With the system, users can use the functions of current CAD graphic software to build CAD models for their heterogeneous components designed and display all the information for a cross section of the components they select. The example introduced in the paper has verified the CAD modeling system.
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